O steoarthritis (OA) is the most common form of arthritis and remains one of the few chronic diseases of aging for which there is little effective treatment. 1,2 It has been estimated that the aging population will give rise to higher prevalence of disabling OA, as globally the number of people aged over 60 years is expected to increase by 20% to 33% by 2030. 3 Osteoarthritis is a major worldwide cause of economic loss. 4 An aging population, along with escalations in obesity and physical inactivity, 5, 6 would increase the economic burden to society of disablement due to OA.
The ability to prevent the onset of various types of arthritis is quite limited; therefore, attenuating the growing economic impact will require cost-effective efforts to decrease mean medical expenditures. This aim may be achieved with greater use of currently underutilized physical therapy treatment strategies, such as manual therapy and exercise therapy, both of which have been shown to reduce pain and disability associated with hip OA, 6 -8 and by targeting intervention to those individuals with a higher likelihood of success. In order for patients, health care providers, and third-party payers to determine appropriate treatment options, identification of prognostic variables associated with reduced pain and improved function following physical therapy treatment is needed.
A prognosis is a judgment made by a clinician, informed by clinical information, regarding a patient's future health status. 9 It provides both the patient and the practitioner with information regarding a patient's likely response and duration of treatment. 9 Clinical judgments often are based on clinical experience alone and are subject to bias. 9 Accuracy regarding prognostic judgments can be improved by incorporating relevant research findings and has been highlighted as a research priority, thus the recent surge in the area of prognostic studies. 10 The literature regarding the ability to differentiate between patients with a more favorable prognosis and those with a poor prognosis has focused on demographic and radiological findings. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Few studies have investigated or identified common clinical tests and measures associated with the progression of hip OA 11,12,14 -16,18 -22 ; fewer still are longitudinal studies exploring prognostic variables associated with long-term outcome following physical therapy treatment. 23 Given that radiographic imaging is not always readily available to physical therapists evaluating patients with hip OA, identification of clinical examination variables associated with prognosis would allow clinicians to identify clinical patterns within the examination and guide prognostic decision making, as well as determine appropriate treatment management strategies to promote restoration of function.
This study explored clinical outcomes (pain, function, patient's global assessment) of hip OA following conservative treatment strategies (manual therapy and exercise therapy), investigating the association between key clinical examination findings and likelihood of a better outcome. Understanding likelihood of response to treatment based on clinical examination findings would assist the clinician in expediting the evaluation process, distinguishing between patients who are at high risk for worsening pain and disability and those likely to experience a more favorable clinical course to physical therapy treatment strategies, and in making appropriate and timely referrals to specialty providers when physical therapy is likely not to result in a satisfactory outcome.
The primary aim of this study was to determine a set of prognostic factors that maximize the accuracy of identifying patients with hip OA likely to demonstrate long-term reductions in pain and improvements in function and global assessment at 1 year following 9 physical therapy treatment sessions consisting of manual therapy and exercise therapy. A secondary aim was to investigate whether the derived set of prognostic factors was associated with "response to treatment," rather than simply "outcome," by applying the clustered findings to a control group that received no physical therapy. We hypothesized that a distinct set of prognostic variables are routinely collected by physical therapists that dictate an improved outcome with a physical therapy treatment approach emphasizing manual therapy and exercise and are unique to the prognosis of a control group of patients who did not receive physical therapy.
Method Participants
The study sample consisted of patients who were part of a larger randomized controlled trial designed to investigate the long-term effectiveness of 3 different physical therapy programs against that of usual care provided to a group of patients with OA of the hip or knee. 24 The present study focused only on those patients with OA of the hip (nϭ93 patients agreed to be enrolled in the study and provided their signed informed consent.
Details of recruitment and selection of patients are described elsewhere. 24 Briefly, participants were recruited from primary and secondary care sources: patients of family practice physicians and patients referred to the Department of Orthopaedic Surgery, Outpatient Clinic, Dunedin Hospital, Dunedin, New Zealand, for an orthopedic consultation for consideration of hip joint replacement surgery. 24 Participants were eligible for inclusion in the study if they met the American College of Rheumatology (ACR) clinical criteria for diagnosis of OA of the hip. 24,25 Exclusion criteria were:
• previous knee or hip joint replacement surgery of the affected joint; • any other surgical procedure of the lower limbs in the previous 6 months;
• scheduled surgical operation within 3 months; • rheumatoid arthritis;
• initiation of opioid analgesia or corticosteroid or analgesic injection intervention for hip or knee pain within the previous 30 days; • uncontrolled hypertension or moderate to high risk for cardiac complications during exercise; • physical impairments unrelated to the hip or knee preventing safe participation in exercise, manual therapy, walking, or stationary cycling, including: vision problems that affect mobility, body weight of Ͼ155 kg, neurogenic disorder, primary or significantly limiting back pain, advanced osteoporosis, or inability to walk 10 m without an assistive device; • inability to comprehend and complete study assessments or adhere to study instructions; and • stated inability to attend or complete the proposed course of intervention and follow-up schedule.
Fifty-four potential participants were excluded from the study based on these criteria (Figure) . The majority of these individuals were excluded because they did not meet the ACR criteria previously mentioned.
Study Design
Eligible patients were randomly allocated to receive manual therapy, exercise therapy, or manual therapy plus exercise therapy or to a control group that received usual care (no physical therapy).
Examination Procedures
Data were collected at baseline and at 1-year assessment visits at the Centre for Physiotherapy Research, School of Physiotherapy, University of Otago, Dunedin, New Zealand. After the participants signed an informed consent document, they completed a baseline questionnaire, answered various medical history questions, and underwent the physical examination.
The baseline questionnaire included demographic information and a numeric pain rating scale (NPRS) using an 11-point scale. 26, 27 The Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC 3.1) 28,29 was used to assess disability related to OA. The Pain Belief Screening Instrument (PBSI) was used to assess pain intensity, disability, self-efficacy, fear avoidance, and catastrophizing. 30, 31 Depression was screened with a 2-question case finding instrument developed to identify depression in people receiving primary care. 32 Each participant received a standardized history and physical examination administered by the primary author (A.A.W.). Prior to performing any tests and measures, a complete "guide to examination" was developed including operational definitions of each test and is available from the primary author. This guide
The Bottom Line
What do we already know about this topic?
Literature regarding the ability to differentiate between patients with a more favorable prognosis and those with a poor prognosis has focused on demographic and radiological findings. Only a few studies have investigated common clinical tests and measures associated with the progression of hip osteoarthritis (OA).
What new information does this study offer?
This is the first study to identify variables associated with a favorable response to physical therapy treatment in patients with hip OA.
If you're a patient, what might these findings mean for you?
Given that the strongest single predictor of success with physical therapy was symptom duration of less than 1 year, patients are encouraged to seek physical therapy treatment early in the disease process rather than waiting until it has reached more advanced stages, when the disease may be less responsive to conservative treatments. Measurements of strength were obtained using the Nicholas handheld dynamometer,* which has demonstrated excellent interday and intraday reliability. 42 The ROM measurements for hip flexion and extension, hip abduction and adduction, and the Thomas test were obtained using a universal goniometer, which has been demonstrated to be a sufficiently reliable tool for measuring hip and knee ROM. 23, 43 All other hip and spine ROM measurements were obtained using a gravity inclinometer, which has been used in previous studies to measure hip and spine motion. 23, 44, 45 Interrater reliability of selected clinical tests and measures was assessed in a subsample of patients with a diagnosis of hip or knee OA who were participants in the larger clinical trial. Specific tests and measures for the current reliability study were chosen based on the lack of available evidence regarding their reliability in the OA patient population. If reliability was reported in several studies or in at least 1 high-quality study of the hip or knee OA population, further testing was not performed. Measures not meeting this criterion were tested in our reliability study. Two raters, both trained physical therapists who were not involved in the intervention and were blinded to group allocation, performed the testing. These raters were considered to be representative of the population of practicing physical therapists. Based on each participant being measured twice, once by each rater, it was estimated that 33 participants were required for the reliability assessment. Given that the desired level of reliability was .7, a one-sided test at a significance level of .05 with this sample size would have 80% power to show a level of reliability of at least .4; according to the classification of Landis and Koch, 46 a level of reliability of .4 represents fair reliability and a level of reliability of .7 represents substantial reliability.
The 2 raters also underwent training sessions to standardize their performance prior to the study. On the day of their entry into the clinical trial, the first rater performed the baseline examination for each participant. Participants were scheduled a second appointment within 7 days, prior to the their being scheduled any treatment, and the measures were assessed by a second rater, who was blinded to the findings of the first rater. The second rater repeated the physical examination in the same order as the first rater. Data from these 2 assessments contributed to the reliability analysis. In order to avoid bias due to a treatment effect, it was important that the participants were retested before they received any intervention. Each individual was examined in the same environment with the same equipment on both visits to reduce measurement error associated with external factors.
Outcome Measures WOMAC 3.1. The WOMAC 3.1 is a condition-specific instrument and has been shown to have validity and responsiveness for OA conditions. 28, 29, 47, 48 The WOMAC 3.1 consists of 24 questions (5 about pain, 2 about stiffness, and 17 about physical function). We used the numeric rating scale version, 49 rated on an 11-point scale (0 -10). Total scores can range from 0 to 240, with higher scores reflecting more pain and stiffness and poorer physical function.
Global Rating of Change Scale.
The Global Rating of Change Scale (GRCS) 50 is a measure of patient perception that asks people to rate the change in their symptoms at a 12-month follow-up compared with 12 months earlier (ie, at baseline). The question reads, "Please imagine how you would have described your OVERALL health status 1 year ago. How do you feel in general today as compared to 1 year earlier as far as your osteoarthritis of the left/right hip is concerned?" The GRCS has 15 possible answers, ranging from ϩ7 ("a very great deal better") to Ϫ7 ("a very great deal worse").
OMERACT-OARSI responder criteria. Participants were dichotomized according to success or nonsuccess with respect to treatment based on OMERACT-OARSI responder criteria 27 determined a priori: (1) an increase of Ն50% and absolute change of Ն20 in pain or function, as defined by the WOMAC subscales, or (2) improvement in at least 2 of the following: an increase of Ն20% and absolute change of Ն10 in pain (WOMAC pain subscale), an increase of Ն20% and absolute change of Ն10 in function (WOMAC function subscale), and an improvement of Ն20% and absolute change of Ն10, as defined by the GRCS. 27 The validity of the OMERACT-OARSI response criteria has been demonstrated previously in patients with OA treated with manual therapy and exercise therapy. 51 Intervention Standardized interventions were provided at the School of Physiotherapy, University of Otago, under the super-vision of licensed practicing physical therapists (nϭ5). A 2-day training session was conducted with these 5 participating therapists to standardize the intervention protocols. Participants were randomly allocated to receive: (1) manual therapy, (2) exercise therapy, (3) both manual therapy and exercise therapy, or (4) usual care. All participants underwent a 9-session physical therapy program, which comprised 7 one-onone supervised sessions of 1-hour duration within the first 9 weeks followed by 2 additional sessions at weeks 16 and 17. Manual therapy primarily comprised a standardized protocol of therapist-applied procedures intended to modify the ROM and quality of motion of the hip joint and secondarily included additional procedures intended to address impairments of neighboring lowerquarter joints and soft tissues. Exercise therapy comprised a multimodal, supervised program of: stationary cycling for warm-up and aerobic conditioning; muscle strengthening; muscle stretching; and neuromuscular control exercises, including balance and challenging gait drills. Further details of the intervention protocols are reported elsewhere. 24 Combined manual therapy plus exercise comprised approximately 30 minutes devoted to each protocol. All participants were additionally instructed in a home exercise program to complement the mode of their allocated protocol, comprising at least 3 but not more than 6 procedures.
Blinding
Concealed allocation was ensured by using a remote randomization service, TENALEA (Trans-European Network for Clinical Trials Service, Amsterdam, the Netherlands). Outcome assessors, orthopedic surgeons, and general medicine practitioners were blinded to group allocation and were not involved in providing the trial interventions.
Physical therapists delivering the intervention could not be blinded to group allocation.
Data Analysis
Data were analyzed using Stata version 10.0. † Participants were dichotomized according to success or nonsuccess with respect to treatment based on the OMERACT-OARSI responder criteria mentioned above. Response to physical therapy treatment (success or nonsuccess) at 1 year was used as the reference standard "responder." The WOMAC pain and function subscales were standardized to a 100-point scale to determine percent and absolute changes, as defined by OMERACT-OARSI response criteria. The WOMAC pain subscale scores were multiplied by a coefficient of 2, and the WOMAC function subscale scores were multiplied by a coefficient of 0.59. Using a 15-point GRCS, a score of ϩ3 was defined as a successful response to physical therapy, which closely resembles the OMERACT-OARSI response criterion of 20%. The primary analysis of the data was undertaken using the principle of intention to treat (ITT). Our ITT analysis included all participants, including those who underwent joint replacement surgery prior to the 1-year follow-up examination; data for these patients were based on the last recorded outcome value prior to surgery. Descriptive statistics were computed, and participants were dispersed into groups of individuals with and without a successful response to physical therapy. A P value of Յ.05 was considered significant.
Interrater reliability coefficients were assessed for each potential predictor variable. Variables were tested for normal distribution prior to performing any data analysis. Intraclass correlation coefficients (ICC [2,1]) were used with continuous and ordinal variables, with corresponding standard errors of measurement (SEMs), according to the following equation 52 :
The SEM quantifies the measurement error in the same units as the original measurement, providing a clinically meaningful value to be interpreted by the clinician. 53 In order to determine the minimal value needed to be 95% confident a real change had occurred on an individual patient level, the smallest reliable difference at 95% confidence level (SRD 95 ) was calculated using the following formula 54 :
Coefficients of variation of method error (CV ME ) also were computed to assess test-retest variation of scores. The Cohen kappa coefficient (to account for chance agreement) and percentage of agreement were used with nonordinal categorical data. 55, 56 The kappa coefficient indicates the proportion of agreement beyond chance. 55 Ninety-five percent confidence intervals (CIs) were calculated for all reliability coefficients.
In the group of participants randomly allocated to receive physical therapy, a maximum of 10 predictor variables (Tab. 1) were tested for their univariate association with the reference standard in order to avoid overfitting the model. Continuous variables were dichotomized using receiver operating characteristic curves to determine cutoff values. 57 Contingency tables (2 ϫ 2) were used to calculate sensitivity, specificity, and likelihood ratios (positive likelihood ratio [LRϩ], negative likelihood ratio [LRϪ]), with 95% CIs, for each predictor variable. The LRϩ ratio was calculated as sensitivity/1 Ϫ specificity, and the LRϪ ratio was † StataCorp LP, 4905 Lakeway Dr, College Station, TX 77845. calculated as 1 Ϫ sensitivity/specificity. 58 The LRϩ is used to modify the posttest probability and indicates the increase in the probability of success given a positive finding. 58 The LRϪ also is used to modify the posttest probability and indicates the decrease in the probability of success in the absence of a variable (ie, a negative finding). According to Jaeschke et al, 59 LRϩ values between 58 Baseline WOMAC pain and function scores were not included in the analysis with the dependent variable "50% or 20% improvement in pain or function" because the response definition was derived from the relative change that adjusts for the expected high correlation between absolute change and initial scores.
Conditionally independent variables (in essence, 2 variables that do not affect one another) from the individual 2 ϫ 2 analyses that resulted in LRϩ values of Ͼ1.5 or LRϪ values of Ͻ0.5 were retained as potential predictor variables and entered into a backward stepwise binary logistic regression model to determine the most accurate set of variables for prediction of success following physical therapy. All variables were screened for collinearity by calculating bivariate Spearman correlation coefficients. Variables with a correlation coefficient higher than . 40 were not used together in the regression model. Significance levels of .15 and .10 were used to exit and enter the model, respectively, to minimize the likelihood of excluding potentially helpful variables. The HosmerLemeshow summary goodness-of-fit statistic was used to assess the fit of the model to the data and tested the hypothesis that the model fit the data. Variables retained in the regression model were used to formulate a multivariate predictor variable model and were input into 2 ϫ 2 contingency tables that involved the conditions of 1 of 5, 2 of 5, 3 of 5, 4 of 5, and 5 of 5 positive findings. For each condition, sensitivity, specificity, and LR values were calculated to measure the ability of the models to discriminate between responders and nonresponders. The percentage of participants meeting each prediction variable was calculated. In addition, in each condition, posttest probability values were calculated from the pretest probability (the prevalence of responders in this sample) and LR values.
To determine whether the derived predictor variables could be considered sound predictors of response to physical therapy treatment or whether they were simply variables of prognosis regardless of treatment, we investigated their sensitivity, specificity, and LR values in the usual care group.
Ten to fifteen participants per predictor has been suggested as an appropriate boundary level per variable to meet statistical assumptions with regard to regression analyses. 60, 61 This finding suggests that 100 to 150 participants would provide adequate values for the regression analysis, whereas larger numbers may be necessary to further narrow the CIs for the prognostic statistics. Our study was powered using the regression values and 10 predictor variables. 
Results
Ninety-three patients with OA of the hip entered the study. A total of 70 participants were randomly allocated to a treatment group and completed the baseline examination. Two participants underwent joint replacement surgery prior to any posttreatment follow-up examination and were not included in the analysis. Twenty-three participants were randomly allocated to receive usual care and completed the baseline examination. Eleven participants underwent joint replacement surgery, 1 withdrew from the study, and 2 were lost to follow-up prior to 6-month follow-up; therefore, the 9-week data points were carried forward for analysis. Sixteen additional participants underwent joint replacement surgery, and 1 participant withdrew prior to the 1-year follow-up; therefore, the 6-month data points were carried forward for analysis. A total of 91 participants completed follow-up assessment and were included in the analysis.
Descriptive characteristics of the study sample are shown in Table 2 . Treatment success was defined using the OARSI-OMERACT criteria. In our sample, 22 of the 68 participants who received physical therapy treatment were classified as having a successful response to treatment, and 46 were classified as having a nonsuccessful response to treatment, resulting in a pretest probability of 32%. Bivariate analyses showed significant differences in duration of symptoms (PϽ.01). Participants classified as responders typically had a shorter duration of symptoms.
Twenty-nine participants (87.9%) completed the reliability study. The Appendix provides a summary of the reliability analyses for all clinically tested measurements.
The sensitivity, specificity, and LR values for individual predictor variables are presented in Table 1 . Of all of the individual variables from baseline, duration of symptoms of Ն1 year demonstrated the highest LRϩ value (4.88, 95% CIϭ1.52-16.43), followed by pain of Ն6/10 on the NPRS (4.71, 95% CIϭ1.73-13.29). Only unilateral hip pain demonstrated an LRϪ value of Ͻ0.50 (0.22, 95% CIϭ0.06 -0.71). That is, the presence of bilateral hip pain compared with unilateral hip pain decreases the probability of a successful outcome with physical therapy.
Eight variables met the criteria of LRϩ value of Ͼ1.5 and LRϪ value of Ͻ0.5 and were entered into the logistic regression. The results of the Hosmer-Lemeshow test indicated the model fitted the data (Pϭ.89). Five variables were retained from the logistic regression analysis, forming the multivariate predictor variable model (Tabs. 3 and 4): unilateral hip pain, age of Յ58 years, pain of Ն6/10 on the NPRS, 40-m SPWT value of Յ25.9 seconds, and duration of symptoms of Յ1 year (model 2 ϭ50.9, PϽ.001, Nagelkerke R 2 ϭ0.60). There was only one instance in which 4 of 5 predictor variables were present, and there were no instances in which all 5 predictor variables were present (Tab. 3). Accuracy statistics were calculated for each level of the model (Tab. 4). Having at least 1 out of 5 predictor variables at baseline resulted in the strongest screening combination, yielding a sensitivity value of 1.0 and an LRϪ value of 0.00 (95% CIϭ0.00 -0.70). Having at least 2 out of 5 predictor variables at baseline resulted in an LRϩ value of 3.99 (95% CIϭ2.66 -4.48), an LRϪ value of 0.06 (95% CIϭ0.01-0.27), and a posttest probability of 65%. Having 3 or more of 5 predictor variables resulted in an LRϩ of infinity (95% CIϭ5.66 -infinity) and increased posttest probability of success to 99% or higher.
Three of the 23 participants who received usual care were classified as having a successful response to treatment, and 20 were classified as having a nonsuccessful response to treatment. Accuracy statistics were calculated for each level of the model in participants who received usual care and are shown in Table 5 . The pretest probability of 32% associated with the treatment group was used to calculate the posttest probability in the usual care group. All LR values exceeded 1, indicating the selected predictor variables did not fit the model in the usual care group.
Discussion
Identification of predictor variables may help health care providers determine whether physical therapy intervention is the most appropriate treatment choice for patients diagnosed with hip OA or whether the patient may be better served through alternative interventions, such as referral for orthopedic surgery or to a multidisciplinary pain management program that may incorporate components of cognitive-behavioral therapy and pharmacological interventions in combination with physical interventions. Improving our ability to determine whether physical therapy intervention is suitable also may reduce costs associated with unnecessary treatment and reduce the societal economic burden associated 
Predictors of Response to Physical Therapy in Patients With Primary Hip Osteoarthritis
with OA. Previous studies have described variables associated with progression of hip OA, the majority of which are based on demographic and radiologic variables. 11 Few studies have considered variables commonly used by health care providers during the clinical examination. Our study is the first to produce a cluster of clinical variables to assist with identifying patients with hip OA most likely to benefit from interventions commonly used by physical therapists.
We identified a cluster of 5 variables (ie, presence of unilateral hip pain, age of Յ58 years, report of pain of Ն6/10, 40-m SPWT time of Յ25.9 seconds, and duration of symptoms of Յ year) that were captured at baseline and were significantly associated with success or a lack of success during discharge. Within this study, the same cluster of variables were used to identify (rule in) patients with hip OA who were most likely to benefit from interventions used commonly by physical therapists (when the variables were present) and rule out those who were most likely not to benefit from those same interventions (when the variables were absent). By combining variables into conditions, we were able to present each given situation (eg, 1 of 5 variables present, 2 of 5 variables present, and so on) as a unique finding. Consequently, for each condition, findings were either "present" or "absent."
Of all of the findings, the most compelling was the ability to identify individuals who had a low probability of a successful outcome when the condition of 1 of 5 of the variables was not met (LRϪ value of 0.00 [95% CIϭ0.00 -0.70]). Operationally, an LRϪ value tells us how much the posttest probability of a successful outcome decreases when a finding is absent. In our sample, the pretest probability of responding favorably to common interventions used in physical therapy was 32%. In essence, 32% of participants undergoing a course of physical therapy treatment will respond favorably without any attempt at prediction. An LRϪ value of 0.00 (95% CIϭ 0.00 -0.70) suggests that if an individual fails to meet the condition of 1 of 5 predictor variables during the initial evaluation, the posttest probability of success with physical therapy treatment decreases to Ͻ1%.
When at least 2 of 5 of the cluster of variables were present during the initial examination, the likelihood of success with the interventions was good. The presence of at least 2 out of 5 predictor variables yielded a high sensitivity value of 0.96 (95% CIϭ0.81-0.99) and an LRϩ value of 3.99 (95% CIϭ2.66 -4.48). Operationally, an LRϩ value tells us how much the posttest probability of a successful outcome increases when a finding is present. Using the 32% pretest probability in our sample, an LRϩ value of 3.99 resulted in a posttest probability of success of 65%. More compelling was the presence of Ն3 predictor variables, which increased the posttest probability to Ͼ99%. However, this combination of variables was associated with wide 95% CIs, resulting in imprecise point estimates. A more conservative interpretation of our findings, regarding which patients are likely to respond favorably to common interventions used in physical therapy, should be based on the presence of at least 2 predictors, as the LRϩ value (3.99) was statistically significant, with a narrow 95% CI (2.66 -4.48).
Worth noting was that ROM and strength impairments were not retained in the final regression model as predictors of a favorable response to interventions common to physical therapy. A previous study identified restricted hip flexion of Ͼ20% (odds ratioϭ3.1, 95% CIϭ2.1-4.7) as a predictor of joint space narrowing or total hip arthroplasty. 20 In the present study, a multiplanar ROM of Ն179 degrees demonstrated a small univariate association of 1.94 (95% CIϭ1.10 -3.17) but was dropped when entered into regression modeling. A possible explanation for the lack of association in our study may be that we combined uniplanar ROM and strength measures into single multiplanar variables rather than using individual uniplanar measures. We, therefore, may have missed information about important predictors of success with physical therapy in our study, such as hip flexion ROM or hip abduction strength. However, evidence suggests that patterns of movement plane restriction are inconsistent. 62 We felt that com- bining measures of joint restriction was more clinically relevant, as a typical clinical examination would include several ROM measurements rather than a single finding.
A major criticism of prognostic studies is the use of single-arm study designs to identify predictors. 10 Predictors derived from single-arm studies are unable to differentiate between predictors in response to treatment and predictors of outcome irrespective of treatment, as they lack a control group to account for treatment effects. 10 As this study was part of a larger randomized controlled study, we were able to compare outcomes between the treatment and control groups to identify variables as predicting response to physical therapy treatment. When identified predictor variables were tested for their accuracy statistics in the usual care group, the model no longer fitted the data (Tab. 5). None of the 3 participants identified as responders in the usual care group were positive for Ն2 predictor variables. The LRϩ and LRϪ values ranged from 0.0 to 1.25 and 0.0 to 1.48, respectively, and posttest probability was nearly unchanged. These results suggest that, at least at the derivation stage, we were able to identify variables associated with a positive response to physical therapy intervention in patients with hip OA.
The reference standard for outcome, against which examination items are determined to be predictor variables, needs to be valid and clinically relevant. We used a reference standard including improvements in pain, function, and GRCS scores based on previous research 51 with interventions similar to those used in this study. Although the OMERACT-OARSI responder criteria have been validated in a similar patient population, recent updates to the criteria may lack adequate distinction between patient response groups, limiting our ability to identify strong predictors. The validity of the OMERACT-OARSI responder criteria in patients with hip OA treated with a LRϭlikelihood ratio. LRϩ formula: sensitivity/(1 Ϫ specificity); LRϪ formula: (1 Ϫ sensitivity)/specificity. The 5 variables forming the multivariate logistic regression model were: (1) unilateral hip pain, (2) age of Յ58 years, (3) pain of Ն6/10, (4) 40-m SPWT score of Յ25.9 seconds, and (5) duration of symptoms of Յ1 year. The posttest probability of success was calculated using the LRϩ value and assumes a pretest probability of success of 32% regardless of the number of predictor variables present. a LRϭlikelihood ratio, N/Aϭnot applicable. LRϩ formula: sensitivity/(1 Ϫ specificity); LRϪ formula: (1 Ϫ sensitivity)/specificity. The 5 variables forming the multivariate logistic regression model were: (1) unilateral hip pain, (2) age of Յ58 years, (3) pain of Ն6/10, (4) 40-m SPWT score of Յ25.9 seconds, and (5) duration of symptoms of Յ1 year. The posttest probability of success was calculated using the LRϩ value and assumes a pretest probability of success of 32% regardless of the number of predictor variables present.
a nonpharmacological intervention warrants further study.
Limitations
Our target sample size of 33 participants for the reliability study was not met, which potentially threatens the statistical significance of our results. A review of our data showed that our participants demonstrated a good degree of heterogeneity in terms of age, severity of symptoms, and site of condition. We felt our preselected levels of agreement (P 0 ϭ.40, P 1 ϭ.70) were robust and, therefore, are confident in our interpretation of the results.
This study identified predictors in response to a course of physical therapy intervention; however, interventions varied among the 3 treatment groups. Current guidelines now suggest manual therapy as an adjunct intervention to exercise in the management of hip OA. 63 Only one third of patients received this treatment; therefore, the number of patients classified as "responders" may be less than what we could expect had everyone received manual therapy plus exercise. However, grouping of individuals was performed given the lack of strong evidence in support of one treatment over another, particularly in patients with hip OA. Future studies with larger sample sizes are needed to perform subgroup analyses and-potentially-to identify variables associated with response to specific treatment approaches. A validation study using a larger sample size is needed to confirm these preliminary findings and increase the precision of 95% CIs. Future validation studies are needed prior to use in the clinic to further define the relationship between a positive response to physical therapy and the predictor variables of the clustered findings developed in this study. In our effort to avoid overfitting the regression model, potential predictor variables may have been omitted from consideration. Therefore, in future studies, researchers might want to consider clinically important variables not identified in our study. The eventual value of clustered findings may be able to help clinicians determine when physical therapy may be of some benefit or when to initiate referral for secondary care.
Another possible limitation of our study may be that we used a transition scale for global assessment rather than a visual analog scale as described in the OMERACT-OARSI responder criteria. A cutpoint of Ն20% and absolute change of Ն10 as defined by the GRCS are defined as responders by the OMERACT-OARSI responder criteria. We used a 15-point scale ranging from "a very great deal worse" to "a very great deal better." An improvement of ϩ3 is equivalent to a 20% change and "somewhat better"; therefore, we used this as a cutpoint for the GRCS.
Conclusions
We have completed the first step in the development of a preliminary cluster of baseline variables that identify patients with hip OA as positive responders to physical therapy interventions. This study showed that selected combinations of unilateral hip pain, age of Յ58 years, pain of Ն6/10 on the NPRS, a 40-m SPWT value of Յ25.9 seconds, and a duration of symptoms of Յ1 year were associated with a favorable response to physical therapy treatment in patients with hip OA. We believe that further progress in this line of research may assist clinicians in treatment management strategies, as well as making referrals to specialty providers for patients with this relatively common condition. Future studies to replicate and validate our findings are needed before these predictor variables can be recommended for use in clinical practice. Current findings are in the infant stage and can be advocated only as an early decision-making aid toward expected prognosis. 
